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(54) SINGLE CRYSTAL SUBSTRATE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a bismuth-substd. rare 
earth gamer single crystal free from crystal defects or cracks by 
using an oxide single crystal having a specified compsn. containing 
Ca. Cd. etc.. Nb. Ta. etc.. and Ga, AL Fe, etc., as a substrate for 
liquid phase epitaxial growing. 

SOLUTION: A single crystal substrate having the compsn. 
expressed by formula I (Ml is Ca, Sr. Cd or Mn. M2 is Nb. Ta or Sb. 
M3 is Ca. Al, Fe, Ge, Si or V, and x. y. z satisfy the ranges of 
formula H) is used to form a bismuth-substd. rare earth iron garnet 
single crystal by liquid phase epitaxial growing. The production 
method of the single crystal substrate is not limrtod. and for 
example, a seed crystal is dipped in a fused material having the 
compsn. of the formula in such a manner that the crystalline 
direction <1 1 1> of the seed crystal is perpendicular to the liquid 
surface, and then the crystal is drawn, sliced, polished and etched. 
The substrate and the bismuth-substd. rare earth iron garnet single 
crystal film have good matching of lattices and almost similar 
coeffts. of linear thermal expansion so that a good film forming state 
can be obtd. The substrate used has 0.1 to 1.5mm thickness. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ tlixs translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the single crystal substrate used in order to control 
generating of a crystal defect and curvature, a crack, etc. and to carry out liquid phase epitaxial 
growth of the new single crystal substrate for carrying out liquid phase epitaxial growth of the 
bismuth permutation rare earth iron gamet single crystal, and the bismuth permutation rare earth iron 
garnet single crystal film used for Faraday rotator etc. in more detail to hi^ quality. 
[0002] 

[Description of the Prior Art] In recent years, utilization of the commvmication system using an 
optical fiber is advanced quickly. This is because the fiber-optics-communication system has the 
advantage which can transmit mass data by low loss at high speed compared with the conventional 
telecommunication system. In this fiber-optics-conmaimication system, although it is generally 
known that the semiconductor laser of the light source will be influenced sensitively and will 
become instability by the extraneous light, in order for not only a near end but the reflected light 
from a far edge to come to affect semiconductor laser, therefore to avoid the effect of this reflected 
light with low-loss-izing of fiber optics communication, use of an optical isolator is tried. Although 
this optical isolator generally consists of a polarizer, Faraday rotator, and an analyzer and passes the 
light of the forward direction by low loss, it has the fimction which prevents passage of the incident 
light from hard flow. 

[0003] Generally as such an optical isolator, an optical circulator, and an ingredient of Faraday 
rotator used for an optical field sensor etc., that to which epitaxial growth of the magnetic gamet 
single crystal film was carried out is used on the single crystal substrate. In order to wish a big 
Faraday-rotation multiplier to the magnetic gamet single crystal film grown up on a substrate that the 
necessary Faraday effect is acquired and to form the good single crystal film with epitaxial growth, 
in the temperature region from membrane formation temperature to a room temperature, it becomes 
a requirement that the lattice constant difference between a substrate single crystal and the single 
crystal film which grows is small as much as possible. 

[0004] It is known that the Faraday-rotation multiplier of the magnetic gamet single crystal film will 
increase remarkably by permuting a part of rare earth component with a bismuth. In order that the 
increment in the amount of bismuth permutations may bring the increment in the lattice constant of 
the magnetic gamet single crystal film to coincidence, the gadolinium gallium gamet (it outlines 
Following GGG) which the bigger lattice constant was required also of the substrate ingredient used 
for membrane formation, for example, added calcium, Zr, Mg, etc., and enlarged the lattice constant 
is used as a single crystal substrate (JP,60-4583,B). 

[0005] However, on the GGG single crystal substrate which added this calcium, Zr, Mg, etc., when it 
was going to grow up a bismuth permutation rare earth iron gamet single crystal in the shape of a 
thick film (for example, 200 micrometers or more), it was easy to produce curvature, a crack, etc. on 
the substrate and single crystal film under membrane formation and after membrane formation, and 
had become the cause of the yield fall at the time of membrane formation and processing. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made for the purpose of offering the 
single crystal substrate for making the bismuth permutation rare earth iron gamet single crystal of 
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the shape of a thick fihn without generating, such as a crystal defect, and curvature, a crack, form 

with liquid phase epitaxial growth. 

[0007] 

[Means for Solving the Problem] As a result of this invention persons' repeating research 
wholeheartedly about the single crystal substrate which gives the bismuth permutation rare earth iron 
gamet single crystal of the shape of a good thick film of quality, the single crystal substrate which 
has a specific presentation is a temperature field fi-om a room temperature to 850 degrees C. The line 
coefficient of thermal expansion within the field which intersects perpendicularly with crystal 
orientation <111> has a value very near a bismuth permutation rare earth iron gamet single crystal. 
When forming the bismuth permutation rare earth iron gamet single crystal film of the thick film of 
200 micrometers or more of thickness especially, and on the conditions of 1 .5mm or less of substrate 
thickness Based on a header and this knowledge, it came to complete this invention for enabling 
growth of the good bismuth permutation rare earth iron gamet single crystal film of crystal quality, 
without a crack etc. arising on a substrate or the single crystal film. 

[0008] Namely, this invention is a substrate for carrying out Uquid phase epitaxial growth of the 
bismuth permutation rare earth iron gamet single crystal, and is general formula MlxM2yM3z012. 

(I) 

(At least one sort of metals with which Ml in a formula was chosen fi"om calcivun, Sr, Cd, and Mn, 
at least one sort of metals with which M2 was chosen fi-om Nb, Ta, and Sb, and M3 are at least one 
sort of metals chosen fi-om Ga, alimiinum, Fe, germanixmi. Si, and V, and x, and y and z are the 
number of the range shown below.) 
2.9<x<3.11.6<y<1.83.1<z<3.3) 

It is characterized by coming out and having the presentation expressed, and the single crystal 

substrate which has the thickness of 0. 1- 1 .5mm preferably is offered. 

[0009] 

[Embodiment of the Invention] The single crystal substrate of this invention is a substrate for using, 
when carrying out liquid phase epitaxial growth of the bismuth permutation rare earth iron gamet 
single crystal. Therefore, grid adjustment with the single crystal with which the single crystal 
substrate of this invention is formed on it has well the description that a line coefficient of thermal 
expansion is close to it of the single crystal film. 

[0010] In said general formula (I), although Ml is a metal chosen from calcium, Sr, Cd, and Mn, 
what exists in stability by valence 2+, can take the coordination number 8, and is in the range whose 
ionic radius in this condition is 0.96-1.26A is desirable. Next, although M2 is a metal chosen fi-om 
Nb, Ta, and Sb, what exists in stability by valence 5+, can take the coordination number 6, and is in 
the range whose ionic radius in this condition is 0.60-0.64A is desirable. Moreover, although M3 is a 
metal chosen firom Ga, aluminum, Fe, germanium. Si, and V, what exists in stability by valence 3+, 
4+, or 5+, can take the coordination number 4, and is in the range whose ionic radius in this 
condition is 0.26-0.49A is desirable, in addition, ["AKUTA crystal (Acta Cryst.) and A32" which is 
the value of the effective ionic radius as which these ionic radii were determined by Shaimon (R. 
D.Shannon), 751, and reference (1976) — ] . These Ml, M2, and M3 may be an independent metal, 
respectively, and they may be the combination of two or more sorts of metals. Furthermore, within 
the limits of under 50 atomic %, the coordination nimiber 8 can be taken preferably and the metal of 
Ml can permute [ which was chosen in the presentation fi"om calcium or Sr, the replaceable metal 
M4, for example, Cd, Mn, K, Na, Li, Pb, Ba, Mg, Fe, and Co, a rare earth metal, and Bi ] a part of 
the at least one sort if needed, in order to adjust a valence and a lattice constant. Moreover, M2 is the 
range xmder of 50 atomic % like the case of Ml . The part is set to the presentation. Nb, Ta or Sb, and 
the replaceable metal M5, for example, Zn, The coordination number 6 can be taken preferably and 
it can permute [ which was chosen / at least one sort of / firom Mg, Mn, nickel, Cu, Cr, Co, Ga, Fe, 
aluminirai, V, Sc, In, Ti, Zr, Si, and Sn ]. A line coefficient of thermal expansion approximates such 
a single crystal substrate of a presentation with it of the bismuth permutation rare earth iron gamet 
single crystal formed on it, and its grid adjustment with this single crystal is good. That 1.67-1.72, 
and whose z 2.98-3.02y are the number of the range of 3.15-3.21 especially for x is suitable. That is, 
in room temperature -850 degree C, such a line coefficient of thermal expansion of the single crystal 
substrate of a presentation is about 1 .07xlO-5/degree C, and is approximated very much to line 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/2/2005 



JP,10-139596,A [DETAILED DESCRIPTION] 



Pages of 7 



coefficient-of-thermal-expansion 1 .08xlO-5/degree-C [ of the same temperature requirement of the 
bismuth permutation rare earth iron gamet single crystal film ] - l.lOxlO-5/degree C. 
[001 1] Moreover, although there is especially no limit about the thickness of this single crystal 
substrate, when thickness forms the bismuth permutation rare earth iron gamet single crystal film of 
a thick film 200 micrometers or more, it is the point that generating of the crack of the substrate at 
the time of membrane formation and the single crystal film, curvature, etc. is controlled, and the 
good single crystal film of quality is obtained, and it is good to carry out to 1 .5mm or less in 
thickness. If the thickness of a single crystal substrate exceeds 1.5mm, the inclination which 
generating of a crack increases near the interface of a substrate and the single crystal film with the 
increment in thickness will be seen. The growth conditions under membrane formation always do 
not necessarily serve as homogeneity within a growth interface, but this is considered to be because 
for fluctuation of a local lattice constant to take place in a field. To the local stress concentration 
accompanying this lattice constant fluctuation, when substrate thickness is thin, relaxation of stress is 
obtained by producing a partial variation rate, but when substrate thickness is thickened, a partial 
variation rate is also controlled, and ****-stress relaxation is not obtained, but it is thought that stress 
is eased by the crack. Moreover, since the mechanical strength of a substrate will be small and 
handling nature will worsen if the thickness of a substrate is too thin not much, a thing with a 
thickness of 0.1mm or more is desirable. 

[0012] About the manufacture approach of the single crystal substrate of this invention, there is 
especially no limit and it can adopt the approach commonly used in manufacture of a GGG single 
crystal substrate etc. conventionally. For example, the homogeneous melting mixture which contains 
one sort or the metal chosen two or more sorts at a respectively predetermined rate, respectively out 
of the metal shown by the metal shown by M4 used [ out of the metal shown by the metal shown by 
the metal shown by Ml / in / first / said general formula (I) / and M2 and M3 ] by one sort or the 
metal chosen two or more sorts, and the case, respectively and M5 is prepared. Subsequently, the 
polycrystalline substance is made to form into this melting mixture by pulling up carrying out the 
dipping of the GGG seed crystal for example, whose direction of a major axis is <1 1 1> 
perpendicularly to an oil level, and rotating it slowly. 

[0013] Since many cracks exist in this polycrystalline substance, after choosing a single crystal part 
without a crack from that inside and checking crystal orientation, the single crystal with which a 
crack does not exist is made to form into the above-mentioned melting mixture again as a seed 
crystal by pulling up making [ carry out a dipping so that crystal orientation <1 1 1> may become 
perpendicular to an oil level, and ] it rotate slowly. Next, after cutting this single crystal in 
predetermined thickness at the growth direction and a perpendicular and carrying out mirror 
polishing of both sides, the single crystal substrate of this invention is obtained by carrying out 
etching processing with a heat phosphoric acid etc. 

[0014] Thus, as a bismuth permutation rare earth iron gamet single crystal prepared on the obtained 
single crystal substrate, it is general formula BimR3-mFe5-nMn012. (II) 

(R in a formula is at least one sort of metals with which at least one sort of a rare earth metal and M 
were chosen from Ga, aluminum. In, Sc, Si, Ti, germanium, and Mg, and m and n are the number of 
the range shown below.) 
0< m<3.00<=n<=1.5 

It comes out and there is a thing of the presentation expressed. 

[0015] As a rare earth metal shown by R in said general formula (II), Y, La, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, Lu, etc. are mentioned, for example, and one sort of these may be contained and 
may be contained two or more sorts. In this single crystal, some rare earth metals shown by said R 
are permuted by the bismuth, the rate of the permutation by this bismuth is expressed with m, and 
although the range of the value of this m is 0< m<3.0, since the line coefficient of thermal expansion 
of a single crystal and the line coefficient of thermal expansion of a single crystal substrate become 
what was approximated extremely when it is especially in the range of 0.5-1.5, it is advantageous. 
Moreover, M is Fe and a replaceable non-magnetic metal element, and it is Ga, aluminum. In, Sc, Si, 
Ti, germanium, and Mg, and one sort of these may be contained and may be contained two or more 
sorts, n is comparatively chosen in the range of the permutation, Fe of this non-magnetic metal 
element, which is 0-1.5. 
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[0016] As an approach of making the above-mentioned bismuth pemiutation rare earth iron garnet 
single crystal film forming on the single crystal substrate of this invention, liquid phase epitaxy is 
usually used. In order to make the bismuth permutation rare earth iron gamet single crystal film form 
by this liquid phase epitaxy, the homogeneous melting mixture which contains the oxide of at least 
one sort of metals first chosen from (4) Ga used by the case, and aluminum. In, Sc, Si, Ti, 
germanium and Mg at a predetermined rate, respectively is prepared. [ (1) bisumulii oxide, at least 
one sort of rare earth metal oxides and (2) (3) iron oxide, and ] Under the present circumstances, the 
low-melt point point compound which a configuration element usually like lead oxide as a medium 
for a deposit does not mix into a single crystal is used. Moreover, boron oxide etc. may be made to 
contain as a crystal growth improver according to a request. 

[0017] Next, epitaxial growth of the single crystal is carried out from this melting mixture on a 
substrate by carrying out the dipping of said single crystal substrate into this melting mixture. 
Although the temperature of the melting mixture in this case changes with presentations of raw 
material mixture etc., it is usually chosen in 600-1000 degrees C. Moreover, a substrate may be put 
into melting mixture and may carry out epitaxial growth, and epitaxial growth of it may be carried 
out, making it rotate suitably. When making it rotate, the rotational frequency has advantageous 10 - 
200rpm extent. Moreover, a membrane formation rate is usually about 0.08-0.8micrometers/minute, 
Although dipping time amount changes with a membrane formation rate, desired thickness, etc. and 
cannot generally be defined, it is usually about 10 - 100 hours. 

[0018] After pulling up a substrate from melting mixture after epitaxial growth termination and fully 
shaking off adhering melting mixture, it cools to a room temperature. Subsequently, it rinses and 
dries, after removing the soHdification object of the melting mixture adhering to the single crystal 
fihn front face which carried out the dipping and which was formed into mineral-acid water 
solutions, such as aqua fortis. Thus, the range of the thickness of the bismuth permutation rare earth 
iron gamet single crystal film of the presentation expressed with said general formula (II) formed on 
the substrate is usually 100-1000 ndcrometers. Moreover, the line coefficient of thermal expansion is 
about 1.08xlO-5/degree-C-1.10xlO-5/degree C in room temperature -850 degree C. 
[0019] Thus, the crystal structure of a bismuth permutation rare earth iron gamet single crystal and 
ttie presentation which were formed on the substrate can be identified by the component analysis by 
the X diffraction and fluorescence X rays etc., respectively. Moreover, the engine performance of 
this single crystal can be evaluated by preparing the nonreflective film in those both sides, and 
searching for a Faraday-rotation multiplier, transmission loss, the temperature characteristic, etc., 
after carrying out polish processing processing of this. 
[0020] 

[Effect of the Invention] If the liquid phase epitaxy of the bismuth permutation rare earth iron gamet 
single crystal film is carried out on it using the single crystal substrate of this invention, generating 
of a substrate, the crack of the single crystal film, curvature, etc. will be controlled, and the bismuth 
permutation rare earth iron gamet single crystal film of the good thick film of quality will be 
obtained easily. 
[0021] 

[Example] Next, although an example explains this invention to a detail further, this invention is not 
limited at all by these examples. 

[0022] So that the presentation of example 1 melting liquid may serve as calcium3.00Nbl.69Ga 
3.19012 CaC03, Nb 205, and Ga203 are ****(ed), and it teaches into an iridium crucible. In the 
mixed-gas ambient atmosphere of nitrogen gas 98 capacity % and oxygen gas 2 capacity % After 
heating at about 1450 degrees C by RF induction and carrying out melting, the direction of a major 
axis carries out the dipping of the GGG seed crystal of 5mm prismatic form which is <1 1 1> to this 
melting liquid perpendicularly to an oil level. When this was pulled up by 2mm/o*clock in rate under 
rotation of 20rpm, the polycrystalline substance with which many cracks exist in the whole was 
obtained. 

[0023] The transparent single crystal with which a crack does not exist in the whole at all shortly 
when could dip [ that crystal orientation <1 1 1> becomes / as opposed to / again / as a seed crystal 
after choosing a transparent single crystal part without the crack out of this polycrystalline substance 
and checking crystal orientation with a RAWE camera / an oil level / perpendicular at the above- 
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mentioned melting liquid, and ], it was made to attribute and this was pulled up by 3nrmi/o'clock in 
rate under rotation of 40rpm was obtained. Next, when the sample of Ig of each abbreviation was 
started from the upper part and the lower part of this crystal and quantitative analysis was carried out 
about each component metallic element with RF joint induction plasma-emission-spectrometry 
equipment, it was checked that the crystal upper part and the crystal lower part have the presentation 
of calcium3.00Nbl.69Ga 3.19012. 

[0024] After cutting the obtained single crystal in predetermined thickness at the growth direction 
and the perpendicular and carrying out mirror polishing of both sides, etching processing was carried 
out with the heat phosphoric acid, and the single crystal substrate for bismuth permutation rare earth 
iron garnet single crystal membrane formation was produced. The line coefficient of thermal 
expansion (alpha) in room temperature -850 degree C of this single crystal substrate was 1.07x10- 
5/degree C. 

[0025] Tb203 14.110g, Nd203 1.521g, B-20346.45g, Fe203 148.82g, PbO 1054.4g, and Bi203 
965. 8g were put into the crucible made from example 2 platinum, after fiising and stirring and 
homogenizing at about 1000 degrees C, the temperature was lowered at the rate of 120 degrees C/hr, 
and the 828-degree C supersaturation condition was held. Subsequently, canying out the dipping of 
the calciums. 00Nbl.69Ga3.190 12 single-crystal substrate obtained in the example 1 of 0.6mm of 
substrate thickness, and rotating a substrate by lOOrpm, liquid phase epitaxial growth of the single 
crystal film was carried out for 35 hoxirs, and the bismuth permutation rare earth iron garnet single 
crystal film of 520 micrometers of thickness was made to form on a substrate into this melting liquid. 

[0026] As for generating of a crack, both the obtained single crystal film and a single crystal 
substrate were not accepted. When the presentation of this single crystal fihn was analyzed with the 
fluorescent X-ray method, it was Bi0.9Tb2.0Nd0.lFe 5.0O12. Moreover, when polish processing of 
the above-mentioned single crystal film was carried out, the nonreflective film was attached to both 
sides and the transmission loss and the temperature characteristic in a faraday's rotation angle with a 
wavelength of 1.55 micrometers and faraday's rotation angle 45deg were evaluated, the Faraday- 
rotation multiplier was [ 0.1 4dB and the temperature characteristic of 0.0982deg/mum and a 
transmission loss ] 0.045 deg(s)/degrees C. Furthermore, the line coefricient of thermal expansion 
(alpha) in room temperature -850 degree C of this single crystal film was 1.08xlO-5/degree C. 
[0027] Ho203 5.747g, Gd203 6.724g, B-20343.21g, Fe203 126.84g, PbO 989.6g, and Bi203 
826.4g were put into the crucible made from example 3 platinum, after fiising and stirring and 
homogenizing at about 1000 degrees C, the temperature was lowered at the rate of 120 degrees C/hr, 
and the 832-degree C supersaturation condition was held. Subsequently, carrying out the dipping of 
the calcium3.00Nbl.69Ga3.190 12 single-crystal substrate obtained in the example 1 of 0.6mm of 
substrate thickness, and rotating a substrate by lOOrpm, liquid phase epitaxial growth of the single 
crystal film was carried out for 30 hours, and the bismuth permutation rare earth iron garnet single 
crystal film of 470 micrometers of thickness was made to form on a substrate into this melting liquid. 

[0028] As for generating of a crack, both the obtained single crystal film and a single crystal 
substrate were not accepted. When the presentation of this single crystal film was analyzed with the 
fluorescent X-ray method, it was Bil.lGdl.lHoO.8Fe 5.0O12. Moreover, when polish processing of 
the above-mentioned single crystal film was carried out, the nonreflective film was attached to both 
sides and the transmission loss and the temperature characteristic in a faraday's rotation angle with a 
wavelength of 1 .55 micrometers and faraday's rotation angle 45deg were evaluated, the Faraday- 
rotation multiplier was [ 0,03dB and the temperature characteristic of 0.1 19deg/mum and a 
transmission loss ] 0.065 deg(s)/degrees C. Furthermore, the line coefficient of thermal expansion 
(alpha) in room temperature -850 degree C of this single crystal film was l.lOxlO-5/degree C. 
[0029] It carried out like the example 2 and the bismuth permutation rare earth iron garnet single 
crystal fihn of 535 micrometers of thickness was made to form on a substrate in example 4 example 
2 except having changed substrate thickness into 0.3mm. As for generating of a crack, both the 
obtained single crystal film and a single crystal substrate were not accepted. 
[0030] It carried out like the example 2 and the bismuth permutation rare earth iron garnet single 
crystal fihn of 530 micrometers of thickness was made to form on a substrate in example 5 example 
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2 except having changed substrate thickness into 1.2mm. As for generating of a crack, both the 
obtained single crystal fihn and a single crystal substrate were not accepted. 
[0031] It carried out like the example 2 and the bismuth permutation rare earth iron garnet single 
crystal fihn of 520 micrometers of thickness was made to form on a substrate in example 6 example 
2 except having changed substrate thickness into 2.4mm. Generating of a total of three cracks was 
accepted in the periphery section by the side of a single crystal substrate, and the obtained single 
crystal film side periphery section. 

[0032] Tb203 15.059g, Nd203 L464g, B-20347.55g, Fe203 157.76g, PbO 1082.6g, and 
Bi2O3940.8g were put into the cmcible made from example of comparison 1 platinimi, after fusing 
and stirring and homogenizing at about 1000 degrees C, the temperature was lowered at the rate of 
120 degrees C/hr, and the 839-degree C supersaturation condition was held. Subsequently, the 
dipping of the CaMgZr addition GGG (Gd2.65calcium0.35Ga4.05Mg0.3Zr 0.65O12) single crystal 
substrate of 0.6mm of substrate thickness was carried out, liquid phase epitaxial growth of the single 
crystal fihn was carried out for 35 hours, rotating a substrate by lOOrpm, and the bismuth 
permutation rare earth iron garnet single crystal film of 490 micrometers of thickness was made to 
form on a substrate into this melting liquid. Generating of a total of six cracks was accepted in the 
periphery section by the side of a single crystal substrate and a center section, and the obtained single 
crystal film side periphery section. 

[0033] Moreover, when the presentation of this single crystal film was analyzed with the fluorescent 
X-ray method, it was BiO.7Tb2.2NdO.lFe 5.0O12. Furthermore, the line coefficients of thermal 
expansion (alpha) in room temperature -850 degree C of the obtained single crystal fibn and the used 
single crystal substrate were 1.08xlO-5/degree C and 0.87x1 0-5/degree C, respectively. 
[0034] Ho20 3 6.172g, Gd203 7.158g, B-20341.58g, Fe203 138.59g, PbO 1002.3g, and 
Bi2O3810.1g were put into the crucible made from example of comparison 2 platinum, after fusing 
and stirring and homogenizing at about 1000 degrees C, the temperature was lowered at the rate of 
120 degrees C/hr, and the 850-degree C supersaturation condition was held. Subsequently, carrying 
out the dipping of the CaMgZr addition GGG (Gd2.65calciumO.35Ga4.05MgO.3Zr 0.65O12) single 
crystal substrate of 0.6mm of substrate thickness, and rotating a substrate by lOOrpm, liquid phase 
epitaxial growth of the single crystal film was carried out for 30 hours, and the bismuth permutation 
rare earth iron garnet single crystal film of 485 micrometers of thickness was made to form on a 
substrate into this melting liquid. Generating of a total of seven cracks was accepted in the periphery 
section by the side of a single crystal substrate and a center section, and the obtained single crystal 
film side periphery section. Moreover, when the presentation of this single crystal fihn was analyzed 
with the fluorescent X-ray method, it was Bil.OGdl.OHol.OFe 5.0O12. Furthermore, the line 
coefficient of thermal expansion (alpha) in room temperature -850 degree C of the obtained single 
crystal film was 1.1 0x1 0-5/degree C. 

[0035] It carried out like the example 1 of a comparison, and the bismuth permutation rare earth iron 
gamet single crystal film of 495 micrometers of thickness was made to form on a substrate in the 
example 1 of example of comparison 3 comparison except having changed substrate thickness into 
0.3mm. Generating of a total of seven cracks was accepted in the periphery section by the side of a 
single crystal substrate and a center section, and the obtained single crystal film side periphery 
section. 

[0036] It carried out like the example 1 of a comparison, and the bismuth permutation rare earth iron 
gamet single crystal film of 480 micrometers of thickness was made to form on a substrate in the 
example 1 of example of comparison 4 comparison except having changed substrate thickness into 
1.2mm. Generating of a total of eight cracks was accepted in the periphery section by the side of a 
single crystal substrate and a center section, and the obtained single crystal film side periphery 
section. The above result is collectively shown in Table 1 and 2. 
[0037] 
[Table 1] 
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[0039] [Note] Substrate I:calcium3.00Nbl.69Ga3.19O12 substrate 
n:Gd2.65calcium0.35Ga4.05Mg0.30Zr0.65O12 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of tJils translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a substrate for carrying out liquid phase epitaxial growth of the bismuth permutation 
rare earth iron gamet single crystal, general formula MlxM2yM3z012 (at least one sort of metals 
with which Ml in a formula was chosen from calcium, Sr, Cd, and Mn ~) At least one sort of metals 
with which M2 was chosen from Nb, Ta, and Sb, and M3 are at least one sort of metals chosen from 
Ga, aluminum, Fe, germanium. Si, and V, and x, and y and z are the number of the range shown 
below. 

2.9<x<3. 1 1 .6<y<i .83. l<z<3.3) 

The single crystal substrate characterized by coming out and having the presentation expressed. 
[Claim 2] The single crystal substrate according to claim 1 L67-1.72, and whose z 2.98-3. 02y are the 
number of the range of 3. 15-3. 21 inan empirical formula for x. 

[Claim 3] The single crystal substrate according to claim 1 or 2 whose thickness is 0.1 -1.5mm. 



[Translation done.] 
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